In the present study, an attempt has been made to assess whether the effect of benzene extract of Ocimum sanctum leaves on the ultrastructural changes in the epithelial cells of the cauda epididymis, its subsequent recovery in the seminiferous epithelium and fertility of male albino rats. Wistar strain male albino rats were orally administered benzene extract of 250 mg/kg body weight of O. sanctum leaves followed by subsequent recovery maintaining suitable controls for 48 days. Results indicate decrease in the weights of testis, epididymis and seminal vesicles. Other accessory organs were not affected. Total count, cell and nuclei diameters of germ cells and Leydig cells were reduced. Cauda epididymis exhibited significant reduction in epithelial height and nuclei diameter of epithelial cells. Cells showed vacuolization with exhibit of signs of degeneration. Ultra study revealed that, in general, the cauda epididymis was affected and in particular, the principal, clear and basal cells were highly disturbed. Further, there was decrease in the size of lipid droplets, mitochondria, Golgi complex, endoplasmic reticulum and accumulation of lysosomal bodies. Fertility performance test showed no implantation in female rats mated with O. sanctum treated rats. Moreover, their recovery after withdrawal of treatment was observed suggesting that the effect of the treatment is transient and reversible. A recovery period resulted in normal spermatogenesis and fertility, suggesting reversible antispermatogenic and antifertility effects of the plant.
INTRODUCTION
Ocimum sanctum Linn. (Laiatae family) commonly called tulsi has been recognized for its unique properties. It is an important medicinal plant, held sacred by Hindus all over India and frequently grown in gardens, courtyards and temples. It is used as antibacterial, insecticidal, diaphoretic in malarial fever, antiperiodic in gastric and genitourinary systems (Kirtikar and Basu, 1935; Nadkarni, 1954) . Additionally, the leaves of O. sanctum; a) significantly altered the weight of testis, reducing the sperm count and motility (Seth et al., 1981) ; b) cause a decrease in pH, hypertonic environment and differences in concentration of chemical substances Mukhtar Ahmed et al. of biological importance i.e. mucoprotein, alkaline phosphatase and acid phosphates (Kashinathan et al., 1971) ; c) reduce the mating behaviour of both male and female albino rats (Khanna et al., 1986; Kantak and Gogate, 1992; Sardessai et al., 1999) ; and d) significantly altered the sperm count, motility, velocity and fructose contained in the cauda epididymis of male albino rats (Mukhtar Ahmed et al., 2002) . Hence, the present study was aimed to elucidate the effect of benzene extract of O. sanctum leaves on the ultrastructural changes in the epithelial cells of the cauda epididymis, its subsequent recovery in the seminiferous epithelium and fertility of male albino rats.
MATERIALS AND METHODS

Preparation of test material
Fresh O. sanctum leaves were collected and dried in shade. A voucher specimen ) was deposited at Zoology Department, Karnatak University, Dharwad, India. The dried leaves were coarsely powdered and subjected to soxheltation process to get the benzene extract. Benzene was separated and extract thus obtained was allowed to dry and stored in a desiccator at 4ºC (WHO, 1983) . Here it is called benzene extract. The benzene extract was then mixed with propylene glycol as required and administered orally (by gavage) to the experimental animals.
Animals
Adult male albino rats of Wistar strain, 3 months old and 190 to 200 g body weights were acclimatized to laboratory conditions and received a standard rat pellet diet (Gold Mohar, Hindustan Level Ltd., Hyderabad) and water ad libitum. The rats were divided into four groups comprising ten animals each.
Study protocol
The animals of group I, which served as control, were administered 1 ml propylene glycol/rat/day orally for 48 days and autopsied 24 h later, the animals of group II, III and IV were administered 250 mg/kg body weight of benzene extract of O. sanctum leaves in 1 ml of propylene glycol/rat/ day orally for 48 days. The animals of group II were autopsied on day 49 th and those of III and IV on day 8 th and 16 th after withdrawal of treatment, respectively. The effective dose of 250 mg/kg body weight has been arrived at after preliminary studies (Kashinathan et al., 1971; Seth et al., 1981; Mukhtar Ahmed, 1999) on dose and duration of 48 days is concerned to the spermatogenic cycle of rat in response studies in our laboratory and reported else where (Mukhtar Ahmed et al., 2002) . Five animals from each group were used for fertility test. Twenty-four hours after the last dose, the control and treated animals were sacrificed by cervical dislocation. The testis, epididymis, vas deference, seminal vesicle, ventral prostate, Cowper's, coagulatory and ampullary glands were dissected out, blotted free of mucus and weighed to the nearest milligram. For histological study, the testes and cauda epididymidis were fixed in aqueous Bowin's fluid for 24 h, washed thoroughly in 70% alcohol, cleared in benzene and embedded in paraffin wax. Sections of 5 µm thickness were obtained and stained in haematoxylin (Delafield's) and eosin. For histometrical studies, the calibrated ocular micrometer (Erma, Japan) was used. From each testis and epididymis, 20 s randomly were used in each group to record the histometrical data.
Ultrastudy of cauda epididymis:
The epididymis was removed, rapidly fixed in 3% glutaraldehyde in phosphate buffer (pH 7.4; 0.1 M) for 4 h at 4°C, washed in phosphate buffer and post-fixed in 1% osmium tetraoxide in phosphate buffer (pH 7.4; 0.1 M) for 6 hr. The fixed epididymis was washed several times in distilled water, stained en bloc in 2% aqueous uranyl acetate for 6 h, dehydrated in acetone series, infiltered in eponaraldite mixture for 10 h and embedded in the same media in a beam capsule. The blocks were cut in LKB Broma ultramicrotome. Semithin sections of 1 µm thickness were stained with toludine blue for identification of stages. Ultrathin sections were cut at 100 -300 A°, mounted on copper grids and stained with 1% aqueous uranyl acetate and lead citrate (Reynolds, 1963) . The stained sections were scanned in Jeol-TEM 100 C X II electron microscope for ultrastructural observations.
Fertility test
To assess the fertility rate with reference to the number of implantations, the female rats of proven fertility exhibiting regular estrous cycles and those in early proestrus or estrous stage were separately housed with the males of groups, I, II, III and IV and left overnight. The appearance of sperm in the vaginal smear next morning confirmed the mating and is considered as day1 of the pregnancy. After 8 days, the females were laparotomized and the numbers of implantations were recorded. Number of pups and their weights on day 1 and after 1 week were recorded.
Statistical analysis
The data were presented as mean ± S.E.M. The comparison of data for statistically significant differences was done using students 't' test and a probability level of P < 0.01 and P < 0.001 were considered as significant and highly significant, respectively.
RESULTS
Body and organ weights (Table 1) The body weight of the rats did not differ significantly due to the treatment of benzene extract of O. sanctum leaves. However, there was slight but insignificant (P < 0.05) increase in the body weight two weeks after withdrawal of the treatment. Whereas, the weights of testis, epididymis and seminal vesicle decreased significantly in the treated (P < 0.001) rats as compared to the control. However, the weights of other accessory structures namely vas deference, ventral prostate, Cowper's, coagulatory and ampullary glands remained unchanged. One week after withdrawal of the treatment, the weight of testis, epididymis and seminal vesicle regained to the normal value. All the parameters were similar to controls two weeks after cessation of the treatment (Table 1) .
Histology Testis
The testis of control rats exhibited different stages in seminiferous elements comprising of germ cells, Sertoli cells and interstitial cells which are normal (Fig. 1) . Morphometric data is presented in Tables 2-4 .
The rats treated with O. sanctum leaves showed atrophic tubules and spermatogenesis was very much suppressed, arrested in majority of the tubules. The tunica propria was disintegrated. Basement membrane was thin and disrupted. Spermatogenesis was arrested either at the primary spermatocytes or the spermatogonial stages. In some tubules, complete cytolysis of the entire spermatogenic elements was seen. The Sertoli cells showed vacuolization and cell debris due to cytolysis. The spermatogenesis did not advance beyond pachytene (Fig. 2) . The increase in the seminiferous tubules per microscopic field was highly significant (Table 2, P < 0.001). The diameter of seminiferous tubules decreased significantly (Table 3 , P < 0.001). There was highly significant decrease in the total count of spermatogonia, spermatocytes, spermatids, Leydig cells, and Sertoli cells (Table 2, P < 0.001). There was highly significant decrease in the cell and nuclear diameter of spermatogonia, spermatocytes, spermatids and the nuclear diameter of Leydig cells (Tables 3 & 4 , P < 0.001).
Cauda epididymis
The cauda epididymis of the control rats of the tubules arranged compactly with a very little intertubular connective tissue. The epithelium was low cuboidal and ciliated, along the luminal border. The cells contained prominent, spherical to oval nuclei and found very close to the basement membrane. The interstitium contained numerous interstitial cells with rounded nuclei and fibroblast like elements. The pseudostratified tubular epithelium consisting of very tall columnar principal cells with long, non-motile stereocillia and small basal cells. The stereo cilia were visible and the wide lumen packed with evenly dispersed sperm (Table 5 , Fig. 5 ).
In the treated rats there was a reduction in the epithelial height and the nuclear diameter of the epithelial cells. The nuclei were pycnotic and the height of stereo cilia was reduced. The lumen was devoid of sperm and felled with lymphocytes and debris of degenerated sperm. Intertubular fibrosis was evident. The basement membrane was thin and disrupted. The cell showed vacuolization and the cell debris due to cytolysis. Few of these cells exhibited signs of degeneration (Figs. 6 -8 ). There was a highly significant reduction (P < 0.001) in the epithelial height and nuclear diameter of the cauda epididymis, when compared to controls (Table 5) .
One-week recovery group Testis In the one-week recovery group a partial recovery was observed in the process of spermatogenesis. In some tubules the spermatogenic process was resumed with all the cellular stages and the lumen contained sperm. But in others the spermatogenic process was advanced only upto primary or secondary spermatocytes stage. Each seminiferous tubule revealed a typical adult organization of the spermatogenic cells and Sertoli cells with the tubular wall and the outermost basement membrane. In between the spermatogonial cells, the Sertoli cells were found (Fig. 3) . The number of seminiferous tubules per microscopic field and diameter of the tubules were unchanged. The total count of the spermatogonia, spermatocytes, spermatids and Leydig cells were less, whereas, the Sertoli cells were normal, when compared to control animals. The cell and nuclear diameter of the spermatogonia, spermatocytes, spermatids and Leydig cells were also slightly recovered (Tables 3 & 4 , P < 0.05), when compared to control rats (Fig. 3) .
A partial recovery was observed in the tubules with inter tubular connective tissues. In epithelium, the epithelial height and the nuclei diameter recovered partially. The lumen was wide and packed with sperm. The interstitial cells were normal. The intertubular fibrosis was reduced and the sperm appeared in the lumen (Fig. 9) .
Two-week recovery group Testis
A complete recovery was observed in the process of spermatogenesis two weeks after withdrawal of treatment. Almost all the tubules regained the normal spermatogenesis and the lumen was full of sperm. Histological examination of the testis revealed no particular effect on spermatogenesis or tubules. Leydig cells with rounded nuclei were observed in the interstitium. The spermatogenesis was advanced to pachytene spermatocytes, Golgi phase spermatids. Cap phase spermatids. Towards the lumen elongated spermatids were normal as in control. The spermatogenesis appeared qualitatively normal. Tubules contained many round spermatids with polarized nuclei, the majority of which were correctly aligned and few elongated spermatids and residual bodies were also apparent. Sertoli cells were normal. (Fig. 4 , Tables 2 -4).
Cauda epididymis
A complete recovery was observed in almost all the tubules. The epithelial height and nuclei diameter was fully recovered. The sperm were compactly arranged in the tubules. The interstitium was normal contained numerous interstitial cells with rounded nuclei and fibroblast like elements. The intertubular fibrosis was completely absent and the lumen was full of sperm. The stereocillia were also seen (Fig. 10) .
Ultrastructure of cauda epididymis
In the control rats, the principal cells were present along the entire length of the cauda epididymis. These cells have a single round or elliptical nucleus containing granular chromatin. The multivesicular Fig. 9 . Epithelium of the cauda epididymis of oneweek recovery group. A partial recovery is observed in the epithelium.
bodies contain amorphous material. Golgi complex is composed of fenestrated cisternae. Supra nuclear region of the cell showed well developed mitochondrial cristae and endoplasmic reticulum arranged in the form of whorls (Fig. 11) . The clear cells generally found in between the principal cells. They contained ovoid nuclei placed slightly above the basal position and contained granular chromatin material. The cytoplasm was abounded with lipid droplets. Micropinocytotic vesicles were prominent (Fig. 12) . The basal cells were elliptical and nuclei were elongated and flattened against the basement membrane (Fig. 13) .
The most obvious changes in the principal cell of cauda epididymidis of O. sanctum leaves treated rats were decreased in number of coated micropinocytotic vesicles, invaginations on the luminal surface, disruption of mitochondrial cristae and Golgi apparatus. The rough and smooth varieties of endoplasmic reticulum exhibit the changes in the structure. Further, the multivesicular bodies were increased and contained a homogenous or heterogenous material. The principal cell reflected the changes in terms of vesicular elements and lysosomal bodies. An interesting observation was that, the nucleus was highly indented and decreased in the size and the impact of the treatment was severe on the principal cells (Fig. 14) . Micropinocytotic vesicles were rarely seen in the clear cells and a Fig. 10 . Epithelium of the cauda epididymis of twoweek recovery group. complete recovery is observed in the epithelium, and the cell nuclei are intact. Fig. 11-13 . Electron micrographs of control rat cauda epididymidis. slight decrease in the number of multi vesicular bodies and mitochondria. The number of cytoplasmic vacuoles was reduced and the density of their flocculent content showed an increase. A cytoplasmic vacuoles and micropinocytotic vesicle were much reduced in the treated groups. A decrease was also evident in the size of lipid droplets in this cell. Autophagic bodies, containing remnants of cellular organelles, become particularly prominent in the perinuclear region of the cells indicating an enhancement of autophagic process within the cell. The multivesicular bodies were increased and contained heterogenous material in the supranuclear cytoplasm of cell. Lysosomal bodies increased either in the basal cytoplasm or the supranuclear cytoplasm or both. Further, in the plain of the section, the clear cells could be seen without a nucleus (Fig. 15) . The basal cells showed the absence of the scattered spherical electron dense granules in the cytoplasm, disruption of mitochondrial cristae and Golgi apparatus. The varieties of rough and smooth endoplasmic reticulum were decreased in number and were disturbed. In the plain of the section, the nucleus became much indented with scattered chromatin material (Fig. 16 ).
Fertility test
Results of fertility performance test showed no implantation in female rats hen mated with O. sanctum treated male rats. However, the number of implantations, pups and their weights were restored to the control level in the female rats mated with one and two week recovery groups respectively (Table 6) .
DISCUSSION
In conclusion, it has been reported that androgen is essential for most of the stages of the spermatogenesis, particularly for meiosis (Brooks, 1981) . In the present study, the regression, degenerative changes in the seminiferous tubules, significantly decreased It is supported by decreased number of germinal cells i.e., spermatocytes and spermatids since these changes are completely androgen dependent (Dym et al., 1979) . The observations related to the unique nature of the change in the seminiferous tubules are similar as in every plant assayed so far in male anti-fertility perspective. Viz., Carica papaya (Lohiya and Goyal, 1992) ; Euphorbia nerrifolia (Mali and Chaturvedi, 1994) ; Azadirachta indica (Kasturi et al., 1997) ; Momordica charantia (Naseem et al., 1998) ; Coculus pendulus (Verma and Lall, 1999) ; methanol stem extract of Sarcostemma acidum (Roxb) Voigt (Verma et al., 2002) ; stem extract of Tinospora cordifolia (Willd) (Gupta and Sharma, 2003) ; ethanol extract of Semecarpus anacardium ; and saponins isolated from Albizia lebbeck bark (Gupta et al., 2005) .
The accessory system of male ducts and glands are morphologically and physiologically dependent upon the production of androgens (WilliamsAshman and Reddy, 1972) . In the present study, there was a significant reduction in the weights of testis, epididymis and seminal vesicle and complete suppression of fertility at the employed dose of rats treated with benzene extract of O. sanctum leaves. Since, testis, epididymis and seminal vesicle are androgen dependent, the regressive changes due to the treatment of O. sanctum in the present study, suggest the dwindling of androgen status or provides on indirect evidence for the anti-androgenic action of the plant.
The epididymis is an important component of the male reproductive tract that is highly androgen dependent and plays a vital role in the male fertility. Androgenic hormones reach the epididymis via the blood stream and also the fluid that accompanies the spermatozoa from the testis (Vreeburg, 1975) . The epididymis provides a suitable environment for morphological and biochemical changes in spermatozoa (OregebeinCrist, 1969) . It performs both secretory and absorptive functions. Androgen deficiency causes a marked reduction in the tubular diameter, a general regression of epididymal epithelium, a rapid decline in the number of spermatozoa with in the cauda epididymis and changes in the composition of epididymal plasma (Brooks, 1981) . The disorganised epithelium of cauda epididymis and cells showed vacuolization with exhibit of signs of degeneration due to the treatment of benzene extract of O. sanctum leaves, thereby suggesting the dwindling of androgen status or provides an indirect evidence for the antiandrogenic action of the plant extract. Our present observations were similar to studies of Azadirachta indica (Joshi et al., 1996; Kasturi et al., 1997) ; Hibiscus rosasinesis (Madhusudana et al., 1997); papaya seed (Chinoy et al., 1997) and Nicotine, a tobacco extract, (Ramesh et al., 2000) . The epididymis in general and the principal cell in particular, are androgen dependent and androgen withdrawal is known to cause extensive changes in the principal cell (Akbarsha and Averal, 1998; Hermo and Robaire, 2002) . Thus, the changes in the principal cell of treated rats may reflect a manifestation of hypoandrogenic status; brought about by treatment of benzene extract of O. In the present study, principal cell, clear cell and basal cells underwent ultrastructural changes following treatment. Among the significant changes observed in the principal cells were decrease in the number of micropinocytotic vesicles and reduction in the size of the mitochondria and Golgi apparatus. Asha Prakash et al. (1979) have suggested that absorptive function of the principal cell is impaired following administration of cyproterone acetate, an antiandrogen. Thus, the findings in the present study lead us to infer hypoandrogenic status caused due to treatment of benzene extract of O. sanctum leaves. The results of the present study further indicated that in response to benzene extract of O. sanctum leaves treatment; the clear cells undergo hypertrophy, hyperplasia and hyperactivity in an attempt to remove the cell debris reaching the ductus epididymal lumen from the testis in the form of residual bodies, Sertoli cell fragments and dead and deformed sperm. Similar observations have been made in the cauda epididymis of rats treated with vincristine Averal, 1996, 1999) . In the clear cell of the O. sanctum treated rats, organelles viz., cytoplasmic vacuoles, electron dense secretory granules and mitochondria, exhibited a reduction in abundance. Also the lipid droplets in the cells of the treated rats were smaller as compared with those in control rats. Further, there was a reduction in the number of micropinocytotic vesicles and multivesicular bodies. These findings indicate that the endocytic function of the clear cells is affected following benzene extract of O. sanctum leaves treatment. The available cytological evidence does not support the contention that the basal cells are involved either in secretion or in absorption. This conclusion is drawn from the observations that the basal cells are numerically less, their location is far away from the lumen and they do not have complex cellular machinery for secretion or absorption (Dutt, 1999) . But Veri et al. (1993) and Regadera et al. (1993) have proposed a hypothesis that the basal cells are involved in a scavenging role in a local immune defence mechanism in which antigenic products derived from sperm degeneration are phagocytosed. The role of basal cells seems to be imperfectly understood, although these cells are present in all mammalian epididymis studies (Dutt, 1999) .
The above ultrastructural changes indicate that the principal and clear cells are affected, thus altering the composition of the epididymal fluid, which in turn would affect sperm maturation. This contention is supported by findings of studies of vincristine (Akbarsha and Averal, 1996 Akbarsha et al., 2000) and Azadirachta indica leaves (Ghodesawar et al., 2004) . The fertility studies reveal that the male rats treated with benzene extract of O. sanctum leaves are unable to fertilize the female rats probably because the male gametes are affected thereby, establishing the antifertility property of the plant studied. However, in the present study, a complete recovery after sixteen days of cessation of the treatment indicates that the effects of the treatment are transient and reversible. Similar studies of Semecarpus anacardium ; ethanol extract of Citrullus colocynthis (Chaturvedi et al., 2003) ; crude extract of Azadirachta indica leaves (Joshi et al., 1996) and triptolide (Huynh et al., 2000) have been shown that a gradual recovery was observed after withdrawal of the treatment.
The antifertility activity exhibited by plant extract may due to the presence o more than one compound. The activity is sometimes reduced or left when the extract is fractioned and separated into individual components. In case of O. sanctum leaves, the benzene, ethanol and ether extracts showed different degree of antifertility activity. Various extracts of O. sanctum leaves arrest spermatogenesis and are likely to have an antiandrogenic activity. Among, the benzene extract of O. sanctum leaves exerts antiandrogenic and antifertility effects in rats and mice without adverse toxicity and that the effects may be directly rendered on the spermatozoa (Kashinathan et al., 1971; Seth et al., 1981; Mukhtar Ahmed et al., 2002) . Our present study has shown that administration of benzene extract of O. sanctum leaves has a similar antifertility effect in albino rats. We conclude that the some of the active principles responsible for the antiandrogenic of O. sanctum are present in the benzene extract. However, further in depth studies are needed to isolate the active principle of O. sanctum leaves in order to clearly elucidate its mechanism of action. Therefore, in the present study, the disorganised epithelium of cauda epididymis and cells showed vacuolization with exhibit of signs of degeneration due to the treatment of the benzene extract of O. sanctum leaves thereby suggesting the dwindling of androgen status or provides an indirect evidence for the antiandrogenic action of the plant extract and also possess reversible antispermatogenic effect on testis, epididymis and fertility rate of adult male albino rats.
